Abstract: Bird activities are easy to cause electrical faults of overhead transmission lines. As one of the main anti bird device, baffle of bird guard has been widely used in China. The performance of baffle of bird guard used in 220 kV transmission line are analyzed in this paper, with the establishment of finite element simulation model, the effects of the baffle of bird guard with different materials on the transmission line insulator electric field and potential distributions are studied. Besides, considering that some birds may build nests on the baffle of bird guard in practical applications, and part of the material to build bird's nest may fall off, which may lead to the discharge of the transmission line insulator, combined with the theory of air discharge and results of the simulation, the influence of external object approaching on the discharge of the insulator is studied, and a reasonable structure design scheme of the baffle of bird guard is put forward. The research results in this paper can provide a guidance for the selection and key parameters design of the baffle of bird guard.
I. INTRODUCTION
Bird activities can cause great damage to 110 kV and 220 kV transmission lines' insulation, and it has become the third main cause of transmission lines outages in China [1, 2] . It is of great significance to carry out the study on bird prevention measures for transmission lines.
The transmission line bird related faults are mainly caused by bird streamer, bird nest, short connection by bird body and bird peck [3, 4] . Many observations and analysis as well as a large number of flashover tests on bird related faults have been carried out by domestic and foreign scholars [5, 6] . The main bird prevention devices of bird fault in transmission lines are baffle of bird guard, needle of bird guard, shield of bird guard and insulation sheath [7] [8] [9] . Bird streamer and bird streamer related contamination outages have an important impact on the transmission lines, the use of baffle of bird guard, insulating caps, and washing insulators regularly can significantly reduce bird streamer and contamination outages [10, 11] .
When the bird streamer is falling around the insulator, study shows that the insulator air discharge is mainly an air gap breakdown caused by an instantaneous electric field distortion, rather than a surface flashover along the insulator [12] . As for the baffle of bird guard, it is installed at the cross arm of the transmission line tower to stop the bird streamer from falling around the insulator, thus it can help to reduce bird streamer related outages. However, some birds may choose to build their nest on the baffle of bird guard in practical applications, and part of the material to build bird's nest may fall off, as the conductivity of rainwater in nature is about 100 ȝs/cm, and it can even exceed 1 ms/cm in some areas [13] , the material can have a good electrical conductivity on rainy days. Besides, the birds may choose to defecate at the edge of the baffle, the bird streamer can also have a good electrical conductivity [1] . As those external object falling from the baffle, it is rather close to the insulator strings, the electric field near the insulator can be distorted, under this condition, the effective insulation distance of the insulator is shortened, which may lead to the breakdown of the air gap between the insulator. Therefore, it is necessary to study the insulator discharge characteristics when the external object is approaching the insulator after the baffle of bird guard is installed. The effects of baffle of bird guard used in 220 kV transmission line on the electric field and potential distribution on transmission line insulators are studied in this paper, and the insulator discharge characteristics when an external object is approaching are also studied. Based on the results of the simulation, a reasonable structure design scheme for the baffle of bird guard structure size is proposed.
II. EFFECTS OF THE BAFFLE OF BIRD GUARD ON INSULATOR ELECTRIC FIELD AND POTENTIAL DISTRIBUTION
A. Simulation parameters of the transmission line 1) Transmission line tower A three-dimensional electrostatic field model is established to analyze the electric field and potential distribution around the insulator.
The selected line tower is a ZM cat-head type tower, and its cross arm is 30 m above the ground. The structure of the tower is shown in Fig. 1 . The type of the composite insulator is FXBW4/220-100, the relative permittivity of the insulator umbrella shed is 3.5. The diameter of the grading ring used in the energized end is 300 mm, the pipe diameter is 55 mm, and the shielding depth is 30 mm. The diameter of the grading ring used in the grounded end is 250 mm, the pipe diameter is 40 mm, and the shielding depth is 0 mm. The length of transmission lines used in the model is 86 m.
2) Baffle of bird guard Based on the actual structure of the tower, the baffle of bird guard is a conical structure, and the diagram of the baffle used in the simulation is shown in Fig. 2 . Baffle of bird guard with metal and fiberglass material were simulated respectively to study the influence of material on the electric field and potential distribution of the insulator, the relative permittivity of the fiberglass baffle of bird guard is 4.0, and the thickness of the baffle used in the simulation is 10 mm. 
B. Simulation results
In the simulation, the potential Um applied on the left phase transmission line, grading ring and other metal fittings attached to the transmission line is 1.1 times the peak value of the phase voltage, namely 197.592 kV, the potential applied on the middle and right phase transmission lines is -98.796 kV. The tower and the metal fittings attached to the grounded end of the insulator is all kept zero potential in the simulation.
When the baffle of bird guard is not installed, the distribution of the electric field and potential on the insulator is shown in Fig. 3 . According to the simulation results, the distribution of the potential on the insulator is basically the same before and after the installation of the baffle. The maximum of the insulator's electric field appears on the outer surface of the grading ring on the energized end, when the baffle is not installed, the value is 14.43 kV/cm, the value is 14.20 kV/cm when the material of the baffle is metal, and the value is 14.29 kV/cm when the baffle is formed of fiberglass. The electric field decreased slightly after installing a baffle of bird guard, but the change is very small. The line curve of the electric field along the suspension composite insulator string is shown in Fig. 4 . The electric field strength along the insulator string with or without the baffle of bird guard are similar. Therefore, it can be seen that the installation of the baffle at the cross arm of the tower has little influence on the electric field and potential distribution of the insulator, the installation of baffle of bird guard will not affect the operation of the transmission line. The external objects around the insulator including the falling bird streamer, the falling water column and the falling wet material of the bird nest. As they all have a good electrical conductivity, the external object is considered as a good conductor in the simulation.
A. Vertical falling of the external object
1) Equivalence of the gap between the external object and the insulator The gap between the external object and the insulator can be shown in Fig. 5 . The breakdown process of the air gap around the insulator can be described by the following steps:
Firstly, as the external object falls, when the lower air gap get breakdown, the potential of the external object is raised to the potential loaded on the conductor, namely 197.592 kV. If the gap between the upper end of the insulator and the external object is not long enough, it will get breakdown at the same time, thus ultimately resulted in the air gap breakdown of the insulator under the influence of external object. The air gap between the external object and the insulator can be considered as the gap between the rod-rod gap and rodplane gap [1] . As shown in Fig. 6 , when the gap length is less than 0.5m, the breakdown voltage of rod-rod gap and rod-plane gap is directly proportional to the gap distance. The peak value of the rod-rod gap breakdown field strength is about 5.66 kV/cm. Therefore, in the simulation, the average gap breakdown voltage gradient value EC is determined to be 5.66 kV/cm, thus the critical breakdown distance d1 of the upper air gap is 349 mm, it is calculated from (1). 
In the equation, d1 is the critical breakdown distance of the upper air gap, mm; Um is the potential applied on the conductor, kV; EC is the average gap breakdown potential gradient, kV/cm.
2) Air gap breakdown simulation of the insulator The external object model is a cylindrical structure, the diameter of the external object is 20 mm, and the end of the external object has been rounded. The distortion of the potential and electric field around the insulator under different external object lengths and positions is analyzed to determine whether the gap breakdown of the insulator can happen or not.
When the external object is falling vertically from the baffle of bird guard, keep the distance of d at 300 mm, which is the centre of the external object to the centre of the insulator, keep the distance of the upper air gap d1 and the lower air gap d2 both at 349 mm. Under this condition, the floating potential of the external object is 51.2 kV, the average voltage gradient of the lower air gap is 4.19 kV/cm, less than 5.66 kV/cm, the lower air gap will not get breakdown. However, keep the distance of d at 300 mm, keep the distance of d1 at 349 mm, then change the distance of d2 to 240 mm, the floating potential on the external object is 65.57 kV, the average voltage gradient of the lower air gap is 5.55 kV/cm, which is very close to 5.66 kV/cm, the lower air gap is in a state of critical breakdown. Thus it can be assumed that the critical breakdown distance of the lower air gap is 240 mm, the simulation results can be shown in Fig. 7. (a) On the insulator (b) Around the insulator Figure 7 . Electric field distributions on and around the insulator (d=300 mm, d1=349 mm, d2=240 mm)
When there is no external object, the maximum electric field strength around the insulator is 14.43 kV/cm, in the case of with an external object, the maximum electric field strength of the insulator reduced to 13.52 kV/cm, meanwhile, the electric field near the external object is obviously distorted, as shown in Fig. 7 , the maximum electric field strength has reached 25.18 kV/cm, which may resulted in the air gap breakdown of the insulator.
In order to confirm the critical breakdown distance of the lower air gap, keep the distance of the upper air gap at a value of 349 mm, keep the distance of the lower air gap at a value of 240 mm, change the distance d, which is between the centre of the external object and the centre of the insulator, the corresponding external object length, floating potential of the external object and the average potential gradient of the lower air gap are shown in Table I . From the table, it can be seen that as long as the lower air gap distance d2 is kept constant, changing the length of the external object and the distance d has little effect on the floating potential of the external object, the average potential gradient of the lower air gap is about 5.66 kV/cm under different distance d, thus a conclusion can be drawn that the critical breakdown distance of the lower air gap is 240 mm. 
B. Structure design of the baffle of bird guard
As the critical breakdown distance of the lower air gap is 240 mm, and the diameter of the energized side grading ring is 300 mm, thus when the distance of d is 390 mm, the lower air gap of the insulator is in a state of critical breakdown. When an external object is falling from the baffle of bird guard, the distance 390 mm can be defined as the critical breakdown radius, R. In order to guarantee a certain margin, the distance of d should be greater than 1.1 times of the critical breakdown radius R, namely 429 mm. Based on the above analysis, a reasonable structure design of the baffle of bird guard can be put forward. The structure of baffle of bird guard we have designed is shown in Fig. 8 . The length L of the baffle should be greater than 1158 mm, it is calculated from (2). The width H of the baffle should be greater than 429 mm, namely 1.1 times of the critical breakdown radius, R. The inclination angle ș of the baffle should fit to the inclination angle of the transmission line tower cross arm. 300 2 1 1 1158 mm L . R = + × × = (2) In the equation, L is the length of the baffle, mm; R is the critical breakdown radius, mm.
IV. CONCLUSION
The main conclusions can be drawn as follows: 1) The installation of baffle of bird guard at the cross arm of the tower has little influence on the electric field and potential distribution of the insulator.
2) When an external object is falling from the baffle of bird guard, the critical breakdown radius is 390 mm.
3) The length L of the baffle should be greater than 1158 mm, the width H should be greater than 429 mm, and the inclination angle ș of the baffle should fit to the inclination angle of the transmission line tower cross arm.
